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Nutritional effects of two multienzyme preparations (PLIV A and Kemzyme) on the production and selected biochemical parameters in the blood of pigs weighing between 9.8 and 24 kg were studied during a period of 28 days. Yorkshire and Swedish Landrace crossbreds of 9.8 kg starting body mass were used. A total of 54 pigs were divided in three groups, a control (C) and two trial (TI and T2 ) groups with 18 pigs (9 males and 9 females) in each. They were fed the same starter diet. The control group received no enzyme supplement while the first group (TI) received the multienzyme preparation made by PLIVA and the second group (T2) was given a multienzyme preparation, Kemzyme (Kemin, Iowa, USA). Both diets (TI and T2) contained 0.1% of the multienzyme preparations. Pigs were kept in boxes and offered water and feed ad libitum. Nutritional parameters were measured at the end of the trial (after 28 days), while blood plasma biochemical parameters were ascertained on days I, 14 and 28. Pigs in the control group (C) and in both trial groups (T I and T 2) reached comparable average daily gains and average finishing body mass within the 28 days under study. The control group (e) consumed 10.9% more feed than the group T I (PLIV A multienzyme preparation), and 4.53% more feed than the groupT 2 (Kemzyme) during the 28 trial days. Both experimental groups fed diets enriched with multienzyme additives PLIV A or Kemzyme, had better food conversion than the control (C) group. No adverse effects of multienzyme preparations by PLIV A or Kemzyme on health status of pigs was found as indicated by biochemical analyses. Neither death nor sickness occurred during the trial.
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Although research of the effect of different enzyme additions to the feed of domestic animals started in the 1960's, many questions have not been answered and many problems have not been solved yet. Enzymes used in animal feed are mostly of bacterial (genus Bacillus) or fungal (genuses Aspergillus, Trichoderma, Penicillium) origin (In borr 1989) . Although enzymes are of various origin, molecular weight and amino acid sequences, they have similar effects on the digestive tract of animals. Enzyme activities depend on environmental conditions such as pH, temperature, activating substrate, inhibitors, and other factors that induce chemical reactions in the digestive tract. The effect of the addition of enzymes to animal feed is tightly connected to the species and age of animal, to the meal composition, and to the kind and number of enzymes in certain enzyme preparation. Trial results confirmed that the nutritive effect of enzymatic preparations is greater in young animals in which the entire enzyme system of digestive tract is not fully in function yet, especially when the fodder containing large portions of vegetable origin of smaller nutritive value is fed.
In young pigs the enzymatic system is not fully developed, so that feeding the weaned piglets weighing about 10 kg with powdered food often results in reduced gain and onset of diarrhoea (Dierick 1989) . The addition of enzymes to the feed increases the utilization of nutritive substances in digestive tract of pigs and induces the disintegration of various toxins so that the health condition of pigs improves, gain becomes faster and food conversion more favourable (Vinovr~ki 1990) .
Experiments confIrmed that the preparations containing several various enzymes are more effective than those with only one enzyme when feeding the pigs of about 9.8 kg body mass. Weaned piglets can utilize all nutritive ingredients to the maximum only after all digestive enzymes have become fully effective in the small intestine. In trials with multienzyme preparation Kemzyme weaned piglets showed a 6.63% better food conversion than pigs fed with no enzymes added (Adams 1989) . In young pigs with insufficiently developed digestive enzyme system, additional amylolytic, proteolytic and lipolytic enzymes have favourable effects.
Multienzyme preparations show a favourable effect when added to the diets based on barley, oats and rye (Cromwel et al. 1988; Rotter et al. 1990 ); in such mixes beta-glucanase is especially effective (Adams 1989; Graham et al. 1989) . Another series of trials confIrmed that the protease added to the feed of weaned pigs yielded considerable gain increase and better food conversion (Mato~ic-Caj avec et al.1989 ,1991 .
The aim of this experiment was to study and compare the nutritive effect of two multienzyme preparations, one made by PLN A and a U.S. made product Kemzyme on the growth rates and health state of weaned piglets.
Materials and Methods

Animals and diets
A total of 54 Yorkshire and Swedish Landrace crossbreds, divided in three groups, a control (C) and two trial groups (T 1 and T 2), with 18 pigs in each, were used in the experiment. Pigs were kept in boxes, 9 pigs per box (a total of 6 boxes). There were 9 males and 9 females in each group, and trial groups contained pigs from 9litters born on the same day.
Equal numbers of pigs from one litter (one male and one female) were included in each experimental group. Average starting body mass of pigs in all the groups was 9.8 kg. All groups were kept in the same microclimatic conditions. During the 28-day period the average air temperature was 19.13 °C, and relative humidity 72.21 %. The animal room had a forced air circulation. Health state of the piglets was checked daily. No sickness or death were diagnosed during the experimental period. Pigs were offered the diets and water ad libitum by means of automatic feeding and watering systems. All three groups were given the same basic starter diet. The trial group T 1 received a multienzyme preparation made by PLIV A, the second group (T2) the multienzyme preparation Kemzyme (KEMIN IND., Iowa, USA). Both enzyme preparations were added at 0.1 %. Both were pulverized, and prepared so as not to attract moisture and become lumpy. The composition of starter diet mix is shown in Table 1 , the nutritive values and chemical composition of experimental diet mixes are given in Table 2 .
Body mass, feed utilization, and food conversion were determined in all groups after 28 days of the feeding period.
For biochemical analyses, blood samples were taken three times during the trial: on days 1, 14, and 28 at the same time of day (8.00 to 10.00 h) from the same animals, and in the same group sequence. Five males and 5 females were sampled in each group (C, Tl and T2). Blood samples were first taken from 5 males in the control (C) group and from 5 females in the (T 2) trial group. Then samples were collected from 5 females in the control and from 5 males in (T2) trial group. Finally, blood samples were taken from 5 males and 5 females in the first (Tl) trial group.They were obtained by the punction of vena cava cranialis and placed in EDTA containing test-tubes. One hour later the following biochemical parameters were analysed: total protein, total lipid, glucose, aspartate aminotransferase (AST) and alanine aminotransferase (ALT). Total plasma proteins were determined by the method of Wolfson et al. (1948) ,totalfatsby the method of ZtHlner and Kirsch (1962) ,glucosebyenzymatic colorimetric GOD PAP method after Trinder (1969) with Chronolabe reagents, while AST and ALT were determined according to Zilva (1979) , Murray (1984) and Bergmeyer (1983) .
The activities of AST and ALT were determined by means of Trace's reagents at 30°C. The results were processed by standard statistical methods according to Snedecor and Cochran (1967) . Mean value (x) and standard deviation (s), were ascertained. The differences between groups were obtained by variance analysis.
Animals employed in this study were maintained in facilities approved by the Croatian Association for Accreditation of Laboratory Animals Care and in accordance with current regulations and standards of the Croatian Ministry of Agriculture.
Results
Feeding parameters
Mean flnishing body mass, average daily gain, average daily food consumption per pig and food conversion (Table 3) were calculated after 28 days of trial feeding. Pigs in all groups (C, T 1 and T 2) had similar mass average (C = 24.25 kg, T 1 = 24.08 kg and T 2 = 24.18 kg). Differences in average flnishing body mass were statistically non signiflcant (P>0.05).
During the trial period (28 days) pigs of the control group (C) had the best average daily gain (516 g), pigs of the group T2 had somewhat smaller gain (514 g) while the poorest gain had the pigs of the T 1 group (510 g). The ascertained differences in average daily gains were minimal and statistically non-signiflcant (P > 0,05).
Average daily feed consumption was the largest (1.038 g) in the control group (C), somewhat smaller (993 g) in the group T 2 and the smallest (936 g) in the group T l' Food conversion during the 28 days trial period was highest in the control (C) group (2.01 kglkg), somewhat less in the T2 group (1.93 kglkg), and even less in the Tl group (1.84 kg/kg). Biochemical parameters On the first trial day the blood plasma protein concentration was significantly higher (63.15 gil) in control group (C) than in the first (T 1 = 56.23 gil) and the second (T 2 = = 57.42 gil) trial groups (P < 0.05), see Table 4 . Legend: • : • = P < 0.05 (significant differences among the average values of the first (T I) and second (T 2) trial group in certain trialperiod)
After the 14th and the 28th day of trial feeding no significant differences in concentration of total blood plasma proteins was found among the control and trial groups (P > 0.05).
No statistically significant differences in concentration of total plasma fat among the control group (C) and the groups TI and T2 were observed (P > 0.05), see Table 5 . After 14 days of trial, pigs in the group T 2 had significantly higher concentration of total plasma fat (3.14 mmol/l) than pigs in the T 1 group (2.53 mmol/l) (P < 0.05).
No statistically significant differences in plasma glucose concentration among control (C) and both trial groups (T l' T Z), or between the T 1 and the T 2 groups were observed (P > 0.05), see Table 6 .
No statistically significant differences in plasma AST activity among control (C) and both trial groups (T l' T 2 ), nor between the T 1 and the T2 groups were established (P > 0.05), see Table 7 .
No statistically significant differences in plasma AL T activity among controls (C) and groups T 1 and T 2 were found (p > 0.05), see Table 8 . However, on the 14th day of the trial the plasma AL T in the group T 1 was significantly more active than in the group T 2 (P < 0.05). Legend: P > 0,05 {no significant difference among the average values of the control (C) and trial (T 1.2) groups). Legend: * : * = P < 0.05 {significant difference among the average values of the first (T I) and the second (T 2) trial group in the IeSpective period).
Discussion
Feeding parameters Results of the average finishing body mass data and of the average daily gains show that the multienzyme preparations PLN A and Kemzyme added to the feed (0.1 % per starter diet) did not increase either body mass or daily gain in piglets of 9.8 kg starting body mass compared to control piglets receiving no enzyme additives in the feed.
The results of body mass and of average daily gains in pigs of all the groups are partially in accordance with the same parameters in similar trials of other authors (Cromwel etal. 1988; A dam s 1989; Or aham et al. 1989 ), but they differ from the data in some other publications (Mato~ic-Cajavec et al. 1989; Vinovdki 1990) . It is necessary to point out that the addition of Kemzyme had no greater effect on the average finishing body mass nor on the average daily gains than the addition of multienzyme preparation made by PLN A.
The situation is reverse as for the average daily feed consumption per pig per day in relation to the average finishing body mass and the average daily gain. Pigs of the control group (C) fed the starter without multienzyme additive consumed 10.9% more food than the pigs of the group T 1 fed the same starter to which PLN A's multienzyme preparation was added, and 4.53% more feed than the pigs of the group T 2 fed the starter with multienzyme additive Kemzyme. Pigs in both groups (T 1 and T 2) fed mix containing mUltienzyme additives (PLIV A and Kemzyme) showed similar gains with less feed consumption than the pigs of the control group. Savings of feed in a large pig population contributes considerably to the economy of the swine production. Feed savings were greater when pigs were fed mix with PLN A's multienzyme preparation added in T 1 group. These pigs consumed 8.46% less feed per kg gain while the pigs in the T 2 group (fed the diet with Kemzyme mUltienzyme additive) consumed 3.48% less feed per kg gain compared to control pigs. Nutritional data show that both multienzyme additives considerably influenced the food conversion during the 28 days trial period in pigs weighing from 9.8 to 24 kg. Multienzyme additives improved considerably the food conversion in both trial groups, a fmding especially important in feeding period of weaned piglets.
The results we obtained in the food consumption and conversion are in full accordance with the literature data (Graham et al.1989; Mato~ic-Cajavec et al. 1989 ,1991 Vinovr~ki 1990; B6hme 1991) relating to the effect of enzymes in pig production. It can be concluded that multienzyme additive PLN A and Kemzyme had no influence on finishing body mass and average daily gains in pigs weighing from 9.8 to 24 kg, but they had great effect on average daily food consumption and conversion; the consumption was decreased and the conversion improved.
Biochemical parameters
Our results indicated that multienzyme feed additives (PLN A and Kemzyme) do not cause changes in total plasma protein concentration. On the first experimental day, the difference found in plasma protein concentration among the control group (C) and both trial groups (T 1 and T 2) were probably a result of keeping and feeding the pigs in the period prior to the trial (up to 9.8 kg of body mass). Values of total plasma proteins in pigs of all the groups (C, Tl and T 2 ) during the whole trial period (on the 1st, 14th and 28th day) were very similar to the values of total plasma proteins found in young healthy pigs by Pond et al. (1960) , Hoefer et al. (1960), and Swenson (1977) as physiological range; also these are lower than the values found in pigs by Smith et al. (1960) and Rupic (1980) , and recommended as physiological limits by Scheunert and Trautmann (1987) ,previously by Kolb (1962) .
Total plasma lipid concentrations in all groups during the trial period were lower than some published values (Rupic 1980; Leman et al.1986 ) but very similar to other published data (P 0 n d et al. 1960; S wen son 1977) . During the experiment, pigs of the group T 2 fed the diet with multienzyme additive Kemzyme had a higher concentration of total plasma lipids as compared to pigs of the group T 1 fed the mix with PLN A's multienzyme additive. This difference was significant on day 14, and it could be connected with the composition of mUltienzyme preparations used in the experiment. PLN A's multienzyme additive does not contain lipase, while Kemzyme does. Therefore in the intestines of the pigs of the group T 1 disintegration of consumed lipids and their resorption was possibly poorer.
Comparable concentration of plasma glucose in pigs of all trial groups (C, T 1 and T 2) point to the fact that multienzyme feed additives PLN A and Kemzyme had no effect on the plasma glucose concentration during the feeding period from 9.8 to 24 kg body mass. Plasma glucose concentrations in all groups were lower than values found by Leman et al. (1986) , they were within the physiological standards for pigs (Swenson 1977; Scheunert and Trautmann 1987) , i.e. slightly over the standards mentioned by Kolb (1962) .
Furthermore, no significant differences in the activity of plasma AST were found among pigs in both the control (C) and groups Tl and T 2 • This indicates that multienzyme feed additives PLIVA and Kemzyme had no influence on the AST activity. No acute cases of liver damage or myopathy were thus observed.
Comparable plasma AL T activities in pigs of the control and trial groups point to the fact that multienzyme feed additives PLN A and Kemzyme did not affect the plasma ALT activity, hence no dietetic hepatosis, other acute or chronic hepatopathies or other liver damage were caused by these substances (Cornelius et al. 1959; Orstadius et al. 1959; Forenbacher 1972) . The AST and ALT plasma values in pigs of all 3 groups in experiment, throughout the complete experimental period were higher than those published by others (GUrtler and Richter 1959; Zuric and Stankovic 1991) , probably because we analyzed the samples at 30°C, i.e. at a temperature higher than the above mentioned authors. On the basis of our results it can be concluded that multienzyme feed additives PLN A and Kemzyme at a dose rate of 0.1 % have no adverse effects in growing pigs.
Vliv multienzymovjch preparit6 na produkci a vybrane biochemicke ukazatele v krevni plazme selat od 10 to 24 kg DVe hmotnosti Vliv multienzymovych preparatU PLN A a Kemzyme na rust a vybrane biochemicke ukazatele byl sledovan na 54 selatech plemen Yorkshire a §vedska landrace v pokusu trvajicim 28 dnu. Ziva hmotnost selat v pokusnem obdobi vzrostla z 9.8 na 24 kg.
Kontrolni skupina (C) byla krmena dietou bez pfidavku aditiv (n = 18), skupina T I dostavala mUltienzymovy preparat fIrmy Pliva (n = 18), a skupina T 2 (n = 18) preparat Kemzyme, a to v davkcich 0.1 %. V kaMe skupin~ bylo 9 kaneckU a 9 prasnicek. Selata byla odchovavana v boxech a krmena a napajena ad libitum. Nutricni parametry byly sledovany na konci pokusu, vzorky krve k biochemic:kym vy §etfenim byly odebirany 1., 14. a 28. dne pokusuo PfirUstky hmotnosti byly ve v §ech 3 skupinach podobne. Kontrolni skupina zkonzumovala o 10,9 % vic krmne sm~si net skupina T I a 0 4,53% vice net skupina T 2. O~ pokusne skupiny v §ak vykazovaly lep §i konverzi krmiva net skupina kontrolni. Biochemickymi analyzami nebylo zji §t~no naru §eni zdravotniho stavu zvifat.
